This study aimed to develop an intervention to reduce medical errors and to determine if the intervention can reduce medical errors in public funded primary care clinics. A controlled interventional trial was conducted in 12 conveniently selected primary care clinics. Random samples of outpatient medical records were selected and reviewed by family physicians for documentation, diagnostic, and management errors at baseline and 3 months post intervention. The intervention package comprised educational training, structured process change, review methods, and patient education. A significant reduction was found in overall documentation error rates between intervention (Pre 98.3% ). This low-cost intervention was useful to reduce medical errors in resource-constrained settings.
Introduction
Tens of millions of patients worldwide suffer disabling injuries or death every year due to unsafe medical care. 1 A systematic review of 11 studies reported the rates of error in primary care varied widely, from 5 to 80 errors per 100 000 consultations. 2 In Australia, the incidence of reported errors per patient seen per year in primary care practices was 0.24%. 3 Errors were viewed serious in 6% to 7% of the cases reported in primary care. 4 Common errors included diagnostic, investigation, management, medication, and judgment errors. [2] [3] [4] [5] [6] Diagnostic errors were the commonest misadventure for malpractice claims 7, 8 while medication errors were the second. 7 Most errors were considered preventable. 5 Evidence on the effectiveness of intervention in minimizing medical errors is limited. 9 A systematic review has reported a specific lack of controlled trials to reduce medical errors in primary care. 8 The majority of the interventions were done in the US and UK settings. The main challenges were related to organizational change, prescribing, communication, and diagnosis. The review suggested the use of a ground up approach for implementation studies. Interventions that had been studied include significant event analysis, 10 educational, 11 clinician-based voluntary reporting system analysis and system redesign, and equipment or supplies. 6, 9 Electronic prescribing with decision support 6, 9 and pharmacist reviews 9, 12 had shown improvement in reducing errors.
There is a paucity of studies on medical errors especially intervention studies in primary care. World Health Organization has called for more of such studies to be done. 13 Therefore, we aimed to develop an intervention to reduce medical errors, and to determine if the intervention reduces medical errors in public funded primary care clinics (PCCs).
Methods
This was a 3-month community trial conducted at 12 public funded PCCs in Malaysia, 6 each in intervention and control groups (Figure 1 ). The primary care clinics that were assigned to intervention were randomly chosen from clinics that had been stratified according to clinic types (clinics led by family medicine specialists, medical officers, or assistant medical officers) in 2 regions in Malaysia: one region from West Malaysia and another from East Malaysia, with diverse degree of socioeconomic development. Family medicine specialists are trained family physicians, medical officers are doctors with no specialized training, and assistant medical officers are health care providers with a Diploma in Medical Assistance, a 3-year medical training program that allows independent or limited supervision in patient care provision. The assistant medical officers are similar in function to nurse practitioners. The primary care clinics for control were selected to match the intervention in terms of clinic type and geographical location (Table 1) . Sample size was calculated using EpiCal 2000 to detect a difference of 10% between the intervention and control groups: estimating a 5% and 15% improvement in the control and intervention group, respectively, with α = .05 and power of 80%, a sample size of 140 was needed per clinic with a total sample size of 1680 for 12 clinics.
At baseline, random samples of outpatient paper records were selected and reviewed by family medicine specialists (expert panel review) for documentation, diagnostic, management errors, and likelihood of preventability of these errors. The operational definitions of errors and preventability of errors are given in Table 2 . All panel members had prior training over half a day at the beginning of the review on the method and operational definitions of the study. The review was done over 2 sittings. To standardize training, an audio recording of the first sitting was done and points covered in the first sitting were repeated in the second sitting. Each medical record was reviewed independently by a pair from the expert panel group. Discrepancies were resolved by discussion. In the event of discordance that failed to reach agreement after discussions, the research team was consulted for a final consensus. To study the reliability of the expert panel, members of the research team reviewed a proportion of the medical records. The research team's assessment was considered the gold standard in this study. This methodology is described elsewhere. 5 Results at baseline were used to design the intervention, targeting at errors detected. The intervention package consisted of educational training, structured process change, additional review methods, and patient education ( Figure 2 ). The educational training was a 3-day workshop to the Assessed on a 6-point scale from "virtually no evidence for preventability" to "virtually certain of evidence for preventability" intervention group. Structured process changes included a clinic desktop flip chart (with rapid diagnostic and management guides), formatted paper records (new case sheet, continuation, asthma record sheet, hypertension record sheet, hypertension follow-up record), provision of peak flow meters, and carbon paper for copying prescriptions onto records. The World Health Organization's Integrated Management of Childhood Illnesses "Mother's Card," 14 an educational pamphlet on child health to improve parents' recognition of danger symptoms and signs in children, were given when applicable. Prescription safety net was done to identify errors and to provide immediate feedback to prescribers. Monthly clinical audit by primary care physicians with health care providers were used for review with immediate feedback to rectify errors and monitoring and to reinforce intervention. Personnel were interviewed to provide feedback on the intervention package. Fidelity checks on processes and the availability of materials were conducted monthly throughout the intervention. Three months after completion of the intervention, medical records were again randomly sampled from all 12 clinics and a second expert panel was convened to review the medical records for errors.
Outcome
The main outcomes measured were diagnostic and management (investigations, medication, and decision making) errors (Table 2 ). In addition, documentation errors, preventability rating, and likelihood to cause serious morbidity/mortality were also examined.
Data Analysis
Error rates were compared pre and post intervention, between and within intervention and control clinics. Random-effects meta-analysis was used for aggregate error rates across primary care clinics. This method was used to obtain single summary estimates of the effects, together with corresponding confidence intervals, as it allows for the possibility that intervention and control groups could possibly come from different study populations with different risks of studied effects. 15 In addition, the random-effects model allows for possible heterogeneity between centers, producing a wider, and hence more conservative summary estimate, as it assumes that the true effect varies. 15 
Results
A total of 1753 and 1793 medical records were reviewed pre and post intervention, respectively. The majority of consultations were managed by assistant medical officers (Table 3 ). There was no significant difference in the number of records managed by different categories of personnel between intervention and control clinics except for the number of family medicine specialists in the post intervention sample. Table 3 shows that there was a signification reduction in overall documentation error rates in both intervention and control groups and the reduction was greater in the intervention group compared with the control group. There was an improvement in the documentation of history, physical examination and diagnosis in the intervention group but deterioration in the control group. No significant differences were seen in diagnostic and management errors.
Within the intervention group, there was a trend toward improvement in all domains pre and post intervention. This reached significance in overall management errors, medication errors, and preventability of errors. There was also significant reduction in errors shown in illegible documentation, inconclusive diagnostic errors, and inconclusive decision making errors pre and post intervention. However, these reflect potential errors rather than actual errors.
Within the control group, there was an increase in documentation errors and improvement in preventability of errors. No significant changes were noted for others.
Discussion
There were 2 main findings in this study. First, documentation errors, which were detected as the main error at baseline, improved post intervention, and the difference was significant between intervention and control groups. Second, within the intervention group, the overall management errors were reduced and this was mainly because of an improvement in medication errors. Although the degree of improvement in management and medication errors was greater in the intervention group compared with control, the difference was not significant. The findings indicate that this intervention could reduce documentation and medication errors. Documentation is essential for the detection of errors. In developed countries, computerized medical records have been shown to improve patient safety. 6, 9 In a resource-constrained system where computerization is not yet feasible, formatted paper record can reduce medical errors as is shown by our study. The formatted paper record acted as a prompt for health care providers to document the necessary sections in history, examination, and management.
Another low-cost intervention was the simple action of providing carbon paper to all clinics in the intervention group. This reduced illegibility within the intervention group. However, there was no significant difference between groups, as the control group also showed improvement. This was most likely because of contamination between groups. The carbon paper allows health care providers to duplicate prescriptions into the formatted paper record in one action.
Documentation errors for history and physical examination increased post intervention in the control group. This is likely to be due to the Hawthorne effect where participating in a trial changes the behavior of participants during the initial period of study. There is also a corresponding increase in documentation errors for history in the intervention group, although this was much lower than the control group, perhaps because of the effect of the intervention.
Medication errors had improved within the intervention group but the difference between groups was not significant. There was no significant improvement within the control group. This could be attributed to the short period of intervention. This study is conducted using a pragmatic design in a real-life setting with a ground-up approach, which was recommended by the Australian Commission on Safety and Quality in Health Care. 8 Medication errors were addressed by educational training, use of the flipchart and pharmacy safety net. This intervention had incorporated system changes, provision of equipment and supplies, and an educational training.
Most errors that occurred were perceived as preventable by the expert panel, out of which one third was judged as potentially serious. There was improvement in both groups but no significant difference was shown between groups. This could possibly be due to the Hawthorne effect.
Strength and Limitations
This low-cost intervention is a pragmatic yet complex intervention targeting errors in primary care. We have been unable to find a similar study in the literature. The intervention can be implemented in similar health care settings worldwide. It uses a system approach with existing mechanisms and manpower to effect change.
The study is limited by its short period of intervention as diagnostic and management errors are difficult outcomes to change. A longer duration of implementation with audit would have allowed better assimilation of change initiatives. It is likely there was some degree of contamination between groups with regard to the use of carbon papers because pairing of the control and invention groups were by district.
Poor documentation hindered the interpretation of the results of the study. Consequently, the errors reported were likely to be an underestimation of the scale of the actual problem.
This intervention has been adopted by the Ministry of Health Malaysia and is in the early phase of implementation. Continuous monitoring would be useful to determine the sustainability of this intervention. Similar studies should be done to assess the effectiveness of the intervention package in changing behavior of providers in other settings.
Conclusion
Documentation errors were reduced by the use of the structured paper records. The intervention package also improved overall management errors within the intervention group although not between groups. This low-cost intervention is feasible and can be easily implemented in resource constrained settings.
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